Developmental changes in tolerance to ischaemia in the rabbit heart: disparity between interpretations of structural, enzymatic and functional indices of injury.
The vulnerability of the heart to injury during ischaemia and reperfusion and its responsiveness to various protective and pharmacological interventions are age-dependent. Using three independent indices of tissue injury (cardiac structure, contractile function and creatine kinase leakage), we compared the response of adult (60-90 days old) and neonatal (7 days old) isolated perfused rabbit hearts to global ischaemia and reperfusion. Prior to ischaemia, heart rate was significantly higher in neonatal hearts, as were control values for coronary flow, aortic flow and cardiac output when expressed on a dry wt basis. In experiments in which adult and neonatal hearts (n = 8 per group) were subjected to 2 min of cardioplegia and 45 min of ischaemia, the post-ischaemic recovery of all indices of cardiac function (when expressed as a percentage of pre-ischaemic control) was significantly higher in neonatal than in adult hearts. Thus, cardiac output recovered to 82.9 +/- 3.6% in the neonate but to only 57.9 +/- 6.7% in the adult (P < 0.05). The functional evidence of a greater resistance to ischaemia in the neonate was, however, contradicted by the levels of creatine kinase leakage which tended to be greater in the neonatal than in the adult heart (32.0 +/- 4.7 vs 20.0 +/- 3.1 IU/15 min/g dry wt). Morphological studies indicated that injury was comparable (moderate-to-severe in degree) in both groups. To assess further the relationship between the three indices, additional experiments were undertaken in which the duration of ischaemia in the neonate was extended to 60 min so that the post-ischaemic recovery of function was reduced to a level similar to that seen in the adult after 45 min of ischaemia. Under these conditions cardiac output recovered to 55.6 +/- 4.8% in the neonatal heart (P = NS when compared with the adult) and creatine kinase leakage increased to 88.2 +/- 13.9 IU/15 min/g dry wt--a value over four times greater than that measured in adult hearts with a comparable degree of functional injury. Morphological examination of tissue obtained after 15 min of reperfusion revealed a remarkable recovery of structure in both age groups. In conclusion, in functional terms the neonatal heart was more resistant to ischaemia than the adult; enzymic leakage, however, indicated the opposite and structural assessment revealed no differences. Thus, in comparing injury during ischaemia and reperfusion between different age groups, it is clearly important to employ several independent indices.